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DISCLAIMER
Notice: This presentation has been provided as part of a U.S. 
Environmental Protection Agency webinar. The document 
does not constitute EPA policy. Mention of trade names or 
commercial products does not constitute endorsement or 
recommendation for use. Links to non-EPA web sites do not 
imply any official EPA endorsement of or a responsibility for 
the opinions, ideas, data, or products presented at those 
locations or guarantee the validity of the information 
provided. Links to non-EPA servers are provided solely as a 
pointer to information that might be useful to EPA staff and 
the public.
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Life Cycle Assessment: 
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Institute for Environmental 
Research and Education



 

Environmental non-profit (501c3)


 

Supports Fact-based 
Environmental Decision-Making



 

Headquartered in Washington State


 

Diverse funding base (private, public, 
business, fee-for-service)



 

Strongly believes that Business 
must drive environmental 
improvementRita Schenck
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American Center for 
Life Cycle Assessment

www.lcacenter.org



 
Professional society for 
LCA in the USA



 
Annual Conference, 
growing over 30% per year



 
Next year in Portland 
November 2 –
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Certification for LCA 
Professionals

http://www.lcacenter.org/
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What we will cover today



 
Life Cycle Impact Assessment


 

Environmental impact categories


 

Environmental mechanisms


 

Impact models


 

Required steps of the LCIA


 

Non-mandatory steps


 
Life cycle interpretation


 

Sensitivity analysis


 
Applications of LCA to policy
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Systems Analysis; Input-output 
Life Cycle Inventory

Industrial System

Raw Material Extraction

Manufacturing, Production

Distribution, Transportation

Operations and Maintenance

Recycle and Waste Management

Inputs
(resources)

energy,
materials

Outputs
air and water
emissions,

wastes

The science of measuring the environmental performance of products & services
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Indicators of All Impact Categories

Hum
an 

To
xic

ity
Ozone Depletion

EcotoxicityFossil Fuel DepletionPhotochemical Smog
Eutrophication

Acidification

Climate Change
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Phases of a Life Cycle Assessment

Goal
and

ScopeIm
pa

ct 
As

se
ss

m
en

t

Inventory Analysis

Interpretation
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Impact Assessment: The Science

Life cycle inventory
(end-of-pipe estimates)

Fate & transport models

Basic Science: lab & field 
analyses & epidemiology

Emissions

Dispersion in 
Environment,
Chemical &
Biological 
Reactions

Impacts on
Humans & 

Organisms &
Built Environment

The Science elucidates the environmental mechanism



Life Cycle Impact Indicators

Management, 
sociology & politics
Not Natural Science

environmental relevanceLess more

Emissions

Dispersion in 
Environment,
Chemical &
Biological 
Reactions

Impacts on
Humans & 

Organisms &
Built Environment

Valuation &
Weighting

Life cycle inventory

Fate & transport models

Basic Science: lab & field 
analyses & epidemiology

Inventory
Indicator

Mid-point
Indicator

Endpoint
Indicator
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Before you do an LCIA



 
Decide if the LCI data is adequate



 
Decide which impact categories you will 
assess



 
Describe the environmental mechanism



 
Decide what are the endpoints you will use 
for each impact category



 
Decide which models you will use
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Water Resource 
Depletion



 
Mineral Resource 
Depletion 



 
Fossil Fuel 
Depletion



 
Land 
Use/Biodiversity



 
Soil Conservation

Typical Environmental Impact Categories



 
Climate Change



 
Stratospheric Ozone 
Depletion 



 
Eutrophication



 
Photochemical 
Smog



 
Acidification



 
Human Toxicity 



 
Eco-Toxicity



13

Climate Change

Carbon
 Footprint

IPCC Predicts 
Global Agricultural 

Collapse in 2050

Presenter
Presentation Notes
We all know about climate issues. Mayor Nickels is a leader in helping our country decrease its greenhouse gases. This is an urgent issue. The intergovernmental Panel on Climate Change (a group of some 6000 scientists) has predicted that if we do not decrease our greenhouse gas emissions by 80% by 2050, we will suffer global agricultural collapse. In Seattle, climate change is currently increasing the sea level by 1.5 millimeters per year. This is 50% faster than a decade ago. Wither Golden Gardens?
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Carbon Footprints are Part of Every LCA

Energy Source
 

Grams CO2

 
Equivalents/kWh

Coal
 

1100 -
 

1300
Natural Gas

 
450 -

 
550

Hydro
 

1 -
 

5
Nuclear

 
10 -

 
20

Wind
 

5 -
 

50
Tidal

 
22

Solar
 

10 –
 

100

Presenter
Presentation Notes
LCA is really good at modeling energy systems. Carbon footprints depend on technology and fuel sources, and each has a well-characterized range of emissions. The relatively high ranges for renewable energy technologies is mostly based on the high variability of natural energy resources. Some sites are windier, sunnier, etc.
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Smog

Estimated one million deaths per year, 60% in Asia
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Acidification

Photos courtesy of Herr Schmidt-Thomsen 

1908 1968
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Land Use/Biodiversity

40% of the land surface 
of the globe is in agricultural use

0.5% of forests lost per year

Presenter
Presentation Notes
Most parks are working to introduce biodiversity into our lives. This is a critical issue because we are rapidly decreasing the amount of natural land surface. In particular, forests are decreasing 0.5% per year– and forests are the source of our oxygen.
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Eutrophication

Gulf of Mexico Dead Zone

Presenter
Presentation Notes
Manure management and excess use of fertilizer causes eutrophication. The Gulf of Mexico has over 200 square kilometers of dead zone, primarily caused by agricultural practices in the Midwest.



19

Peak Oil: Fossil Fuel Depletion



 
Oil resources are being depleted–

 
we are 

near the end of the total earth stock of 
petroleum

Kjell

 

Aleklett

Presenter
Presentation Notes
Oil discoveries have begun tailing off, even as oil consumption is rising. This phenomenon is called Peak oil. http://www.peakoil.net/iwood2005/Aleklett_Pisa_ASPO_2006.pdf
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Water Depletion

70% of the world’s freshwater
 is used for irrigation

Presenter
Presentation Notes
Most of the world freshwater supply is used for irrigation. This is a picture of the Colorado river, where it is supposed to reach the ocean. The Rio Grande does not reach the ocean any longer either. Here in the Pacific Northwest, the amount of freshwater flowing into the Sound has decreased 10% in the last 40 years. Are we next?
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Soil Conservation

Presenter
Presentation Notes
As Seattle Tilth can tell you, it is all about the soil. Without healthy soils we cannot grow the food we need– nor can we have healthy parks. We need to be careful to limit erosion in parks.
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Questions?
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Acidification

Presenter
Presentation Notes
Acidification is a big problem such as the Midwest. Emissions cause dead lakes and forests as much as 1000 miles downwind, because those downwind area are acid sensitive (not enough lime in their soils).
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Simplified environmental 
mechanism of acidification
Acid gas 
emissions

Conversion in
The atmosphere

Deposition

Neutralization
In soils

Mobilization
of Aluminum Direct &

 
Indirect

 
Al Toxicity

Acidification of

 
surface waters

Competitive

 
Inhibition of 

Nutrient uptake

Degradation
of built 

Environment

Forest & Aquatic

 
Mortality
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Simple Acidification Model
Σn (Mass emissionsa x characterization factora ) = impact indicator 

result

100 grams SO2

 

x  0.03125 = 3.125 grams H+

 

equivalents
100 grams NO2

 

x 0.0217 = 2.17 grams H+

 

equivalents
100 grams HCl

 

x 0.02778 = 2.778 grams H+

 

equivalents
Total 8.1     grams H+

 

equivalentsStoichiometric
ratios



26



27

Sensitivity to Acid Deposition (SEI)
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Calculating the Acidification Emissions 
Indicator (threshold model)



 
Calculate stoichiometric

 
equivalencies 



 
Use dispersion  model to calculate where 
things deposit



 
Gather information about sensitivity of 
receiving environment



 
Calculate how much of the emission exceeds 
threshold for effects
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Threshold Emission Indicator 
Calculation

Mass emission  x                          x                     = Indicator
Stoichiometric
Char.Factor

Deposition
Char. Factor )(

Stoichio-

 
metric factor

Fraction 
deposited in 

sensitive 
areas

100 g SO2 x 0.03125 x 0.6 = 1.875 grams H+ equivalents
100 g NO2 x 0.0217 x 0.4 = 0.868 grams H+ equivalents
100 g HCl x 0.12778 x 0.2 = 2.5556 grams H+ equivalents

Total = 5.3 grams H+ equivalents

Example: RAINS model in Europe
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Example of LCIA profile: 
Different Ways to Power Cars

Impact Electric Grid 

Category Coal NG Pet. Gasoline Units 

Climate Change 450 270 440 480 gm CO2

 

equivalents/mi 

Acidification 0.031 0.01 0.11 0.011 gm H+

 

equivalents/mi

Eutrophication 0.046 0.03 0.13 0.048 gm PO4

 

equivalents/mi

Smog 0.001 0.01 0.02 0.26 gm O3

 

equivalents/mi
Total Energy 4,000 4,100 5,000 6,200 BTUs/mi

From GREET
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Sources of impact models



 
US EPA TRACI models



 
CML (Netherlands) Models



 
SETAC/UNEP Life cycle initiative models


 
New models being developed all the time

 

Models are only as good as the science behind them: 
we can only model what we know
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About Impact 
Categories


 
Should not be arbitrary



 
More important to be 
comprehensive than to 
be precise (otherwise 
you look like you are 
greenwashing)



 
Best not to have 
overlap of impacts



 
Must be able to explain 
why certain impacts are 
left out

Presenter
Presentation Notes
Here is a good example of allelopathy. Most species have some allelopathic relationships. Another good example is oaks, whose leaves kill off almost everything through their tannins.
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After Impact Assessment


 
Grouping, Normalization, Weighting,

 
Scoring 

and other methods


 
Used to clarify data for decision makers



 
Based on value judgments, not science



 
ISO standards require disclosure of results 
before any of these methods are applied

This is a voluntary, 
not mandatory 

set of techniques
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Grouping 
Environmental Impact Categories (1)

Pollution


 
Climate Change



 
Stratospheric Ozone 
Depletion 



 
Eutrophication



 
Photochemical Smog



 
Acidification



 
Human Toxicity 



 
Eco-Toxicity

Resource Depletion


 
Water Resource 
Depletion



 
Mineral Resource 
Depletion 



 
Fossil Fuel Depletion



 
Land Use/Biodiversity



 
Soil Conservation
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Grouping 
Environmental Impact Categories (2)

Global


 
Climate Change



 
Stratospheric Ozone 
Depletion 



 
Mineral Resource 
Depletion



 
Fossil Fuel Depletion

Regional/Local


 
Water Resource 
Depletion



 
Land Use/Biodiversity



 
Soil Conservation



 
Eutrophication



 
Photochemical Smog



 
Acidification



 
Human Toxicity 



 
Eco-Toxicity



36

Grouping 
Environmental Impact Categories (3)


 
High Confidence


 

Climate Change


 

Stratospheric Ozone 
Depletion 



 

Mineral Resource 
Depletion



 

Fossil Fuel Depletion


 

Water Resource 
Depletion



 

Soil Conservation


 

Land Use



 
Moderate Confidence


 

Acidification


 

Eutrophication


 

Photochemical 
Smog



 
Low confidence


 

Human Toxicity 


 

Eco-Toxicity
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Normalization Examples 
How important is something relative to something else



 

Exxon is the source of 
5% of total climate 
change since 1880’s 
(per Earth Justice, 
2004)



 

The average American 
is the source of 5x as 
much and the average 
Canadian 6x as much 
Climate change as the 
average world citizen



 

The forced percentile 
ranking of Wal-Mart 
packaging is a kind of 
Normalization
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Truitt Brothers Chili with Beans Entrée 
Environmental Product Declaration

Normalization of  life cycle stages to each other
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External Normalization in LCA



 
Commonly: Normalization 
to per-capita impacts



 
The normalization must 
have the same units


 

Grams carbon to grams 
carbon



 

Tons acid equivalent to 
tons acid equivalent



 
In the end, you have a 
unitless

 
number
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External Normalization Climate Change



 
In 2007, there were 18 tons 
of CO2

 
equivalents emitted 

per person in the U.S.


 
The average gas fill up in 
the US creates about 0.18 
tons of CO2

 
equivalent.

0.18 tons per fill up ÷
 

18 tons 
per person = 

0.01 person-equivalents
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External Normalization Acidification



 
Average precipitation of 
acid rain is 58 kg 
H+/person per year in the 
US



 
The average emission of 
acid rain due to a fill up of 
gas is about 0.0034 kg

0.0034 kg H+ per fill up ÷
 

58 
kg per person per year = 
0.0006 person-equivalents 
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Normalized Addition



 
Climate change per tank


 

0.01 person-equivalents



 
Acid Rain per tank


 

0.00006 person-equivalents



 
Total = 0.01006 person-equivalents
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Weighting Example
Relative Importance Weights of TRACI impact categories 

based on Science Advisory Board Study

Impact Category Impact Category 
Relative Importance Relative Importance 
Weight (%)Weight (%)

Global Warming Global Warming 1616

AcidificationAcidification 55

EutrophicationEutrophication 55

Fossil Fuel Depletion Fossil Fuel Depletion 55

Indoor Air Quality Indoor Air Quality 1111

Habitat Alteration Habitat Alteration 1616

Water IntakeWater Intake 33

Criteria Air Pollutants Criteria Air Pollutants 66

Smog Smog 66

Ecological Toxicity Ecological Toxicity 1111

Ozone DepletionOzone Depletion 55

Human Health Human Health 1111

Note: 39% of impacts are human only impacts
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Weighting & Scoring

Impact Person 
equivalent

Weight Score

Climate 
Change

0.01 16 0.16

Acidification 0.00006 5 0.0003
Total 0.01006 0.1603
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Questions?
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Interpretation 
Phase


 
Reviews data 
quality



 
Makes 
recommendations



 
Not always done in 
LCA, or done 
cursorily (some 
important 
exceptions)

Presenter
Presentation Notes
There is a drive to landscape with native plants, like this camas lily, and there are good reasons to do so. But what problems could this cause? (ask group for participation– should lead towards desired functions of parks)
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Interpretation



 
identification of the significant issues based 
on the results of the LCI and LCIA phases of 
LCA;



 
an evaluation that considers completeness, 
sensitivity and consistency checks;



 
conclusions, limitations, and 
recommendations.
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Sensitivity Analysis



 
How much does the output and conclusion 
change with different assumptions about 
inputs to the model?


 

System boundaries


 

Missing data


 

Assumptions


 

Choices about the impact models
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Example of a sensitivity analysis



 
Typically, machinery manufacture is left out of the 
system boundary (it is assumed to be very small)

But it turns out that on farm, tractor manufacturing impacts may

 

be quite large 
(because the tractors are used only a few weeks of the year)
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Sensitivity analysis data gaps



 
Example: you are not certain how much 
energy it will take to run a machine, and can 
find only one literature citation.



 
Perform a sensitivity

 analysis at 50% and
 200% of cited energy
 use.



 
Do the overall results

 change significantly?
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LCA

Design for 
Environment

Vendor 
Management

Annual 
Reports

Emissions 
Trading

Product
Stewardship

Public 
Policy

Marketing 
& Labels

Uses of LCA

EMS
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Kyoto Protocol



 
Cleaner development mechanism



 
Industrialized nations can support projects in 
less developed nations to reduce carbon and 
meet their goals



 
LCA is the methodology used to measure 
outcomes
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LCA-based Laws in Europe


 
2003 Integrated Product Policy (IPP)



 
2003 End of Life Vehicles



 
2004 EU Directive on Packaging & packaging waste



 
2005 Waste Electrical and Electronic Equipment 
(WEEE)



 
2002 Restriction on the use of Certain Hazardous 
Substances in Electrical and Electronic Equipment 
(RoHS)



 
2006 Batteries Directive



 
2007 Registration, Evaluation and Authorisation

 
of 

Chemicals (REACH)


 
French Grenelle

 
EPD requirements (2011)

Presenter
Presentation Notes
Not here on the list is the laws in the Netherlands, where LCA is the basis of facility permitting. One permit per facility, and one annual report on all the environmental performance.

US companies have to comply to these laws when they export goods to Europe.
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Japanese LCA Based Laws



 
Laws come from MITI (Ministry of Economy, Trade & 
Industry)


 

Kyoto Protocols–
 

Climate Change


 

Recycling Oriented Economy


 

Chemical Integrated Policy (Hazardous Chemical 
Management)



 
Japan’s focus is internal


 

Development of Life Cycle Inventory (US$11MM)


 

Recycling in-country


 

Development of Type III ecolabel


 

Requiring carbon footprint EPDs
 

in 2011-2012
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Other Countries Considering LCA Approach



 
Australia



 
Canada



 
China



 
India



 
Korea



 
South Africa
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USA Policy Use of LCA’s

 In the Energy Independence Act of 
2007

 In draft of new energy bills (carbon 
footprint)

As policy backup in Oregon solid waste 
management (e.g. bottled water)

Basis of California carbon law
Basis of Green Building ordinance in 

King County
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In Summary



 
LCA is an environmental performance 
measurement tool



 
It has many uses both internal and external, 
business and governmental



 
It is used all over the globe



 
EPDs

 
and carbon footprints are growing 

application
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Questions?


	Slide Number 1
	Life Cycle Assessment:�Impact Assessment & Applications
	Institute for Environmental Research and Education
	American Center for Life Cycle Assessment
	What we will cover today
	Systems Analysis; Input-output�Life Cycle Inventory
	Indicators of All Impact Categories
	Phases of a Life Cycle Assessment
	Impact Assessment: The Science
	Life Cycle Impact Indicators
	Before you do an LCIA
	Typical Environmental Impact Categories
	Climate Change
	Carbon Footprints are Part of Every LCA
	Smog
	Acidification
	Land Use/Biodiversity
	Eutrophication
	Peak Oil: Fossil Fuel Depletion
	Water Depletion
	Soil Conservation
	Questions?
	Acidification
	Simplified environmental mechanism of acidification
	Simple Acidification Model
	Slide Number 26
	Sensitivity to Acid Deposition (SEI)
	Calculating the Acidification Emissions Indicator (threshold model)
	Threshold Emission Indicator Calculation
	Example of LCIA profile: �Different Ways to Power Cars
	Sources of impact models
	About Impact Categories
	After Impact Assessment
	Grouping�Environmental Impact Categories (1)
	Grouping�Environmental Impact Categories (2)
	Grouping�Environmental Impact Categories (3)
	Normalization Examples�How important is something relative to something else
	Truitt Brothers Chili with Beans Entrée�Environmental Product Declaration
	External Normalization in LCA
	External Normalization Climate Change
	External Normalization Acidification
	Normalized Addition
	Weighting Example
	Weighting & Scoring
	Questions?
	Interpretation Phase
	Interpretation
	Sensitivity Analysis
	Example of a sensitivity analysis
	Sensitivity analysis data gaps
	Uses of LCA
	Kyoto Protocol
	LCA-based Laws in Europe
	Japanese LCA Based Laws
	Other Countries Considering LCA Approach
	USA Policy Use of LCA’s
	In Summary
	Questions?

